Abstract. The purpose of this paper is to highlight the role of life cycle costing in the preparation phase of construction projects, especially in the public sector. Life cycle costing is a method of economic analysis directed at all costs related to constructing, operating, and maintaining a construction project over a defined period of time. The main question for a sustainable design is how to put economic optimization into the early design stages. Design decisions made at this project phase are determining the whole life effectiveness of the building. In the early phase of construction projects, the enormous benefit of life cycle costing could be gained. The commonly used construction cost minimization approach should be substituted for life cycle costs optimization. In order to gain the maximum value for money, all costs incurred over the whole life span must be estimated. The optimization of the life cycle costs of a project, construction or equipment, is essential for the complex decision-making process. All in all, the solution with the minimum value of life cycle costs can be chosen. Public investors are required to meet the objectives of sustainable building, and together they face limited financial resources and frequently a very strict institutional framework including procurement procedures. The quantification of life cycle costs, when deciding on the construction, is required by the public sector in the Czech Republic. In addition, the amount of estimated life cycle costs has become a criterion in public tenders. This paper summarizes the experiences of valuating building designs in terms of life cycle costs. After identifying the public sector benefits, some significant difficulties are also summarized. Besides stressing the importance of life cycle costing, case studies of construction projects are provided.
Introduction
The construction business has lately accomplished a paradigmatic shift in its approach to structures delivery and the meeting of customer satisfaction. Where previously the design and construction teams put stress on delivering buildings at the lowest acquisition cost, a greater attentiveness to consider costs over the life cycle of the building have predominated. Clients currently require buildings that exhibit value for money over a long period. In short, these modifications have highlighted the significance of life cycle costing approaches to the design, construction and operation of buildings.
Buildings as results of construction projects are characterized by long lifespan and high costs. This fact is the reason why all decisions connected with construction project have long-term and significant impact [1] . Construction project investors often focused simply on the acquisition costs, when they were about to make decisions about such matters as the building design, equipment, energy systems. They frequently neglected future operation or maintenance costs [2] . As a result of the loss of a holistic view of true costs of a building, the cost-inefficient solution might be selected. Life cycle costs (LCC) in general consist of an initial investment (usually construction costs) and the follow-on costs (ordinary payments, i.e. energy, utilities, cleaning and maintenance, irregular costs for renewal or replacement), while some life cycle costing methods also include the costs of demolition [3] . Life cycle costing is often recommended as the method for finding cost-optimal solutions for product design. Life cycle costing is becoming the more frequent used tool in the design phase of buildings generally.
Life cycle costing
Life cycle costing is a method assisting in estimating of the total cost of ownership. The technique is able to help make decisions within building investment projects [4] . Life cycle costing is particularly useful for the estimating total costs in the early stage of a project [5] . The life cycle costing process usually includes the following steps:
• planning of the life cycle costing analysis (e.g. definition of objectives);
• selection and development of the life cycle costing model (e.g. cost breakdown structure, identifying data sources and contingencies); • application of the life cycle costing model; DOI: 10.22616/ERDev2018.17.N405
• documentation and review of life cycle costing results. An extensive research has been performed and a report published concentrated on life cycle costing [6] . Nevertheless, life cycle costing is not commonly used in Europe or in the USA. This method takes into consideration any other non-construction costs and income. Life Cycle Costs (LCC) represent the overall costs being spent during the building's whole life cycle. Their structure is presented in Fig. 1 , as a part of the Whole Life Cost (WLC). • justification for investment requirements.
• conceptual development stage.
• design stage.
• production stage.
• operational stage.
• end of economic life stage.
Fig. 2. Decisions in life cycle costing process
The horizontal axis represents a project phase and the time, at which key decisions and life cycle costing analysis need to be performed or updated. The vertical axis represents accumulative costs and costs of purchase and option within the life cycle of a construction project. This also can be seen as the acquisition cost of moving from one stage to another within the life span of a construction project. The utilization of a model should take place as early as possible and continue until the end life of the building.
The real series of decisions depends upon the specific project procurement route strategy. Some are following decisions, which could be assigned to the development process, whilst others might be connected with procurement and operational issues. The concept of depicting the life cycle of a building as a series of investment decisions is universal and could contain a diversity of miscellaneous development scenarios. Risk analysis and life cycle costing are conducted at the beginning and updated at the end of each stage of the construction project. Identifying, quantifying, responding and managing cost and risk at each investment stage of a construction project could be a useful framework for comprehension cost and risk strategies. However, it could be a useful framework for all decisions made thorough the life cycle of the building [7; 8] .
Decisions concerning the choice of the construction technology and construction materials are not any longer based entirely on technical and economic attitudes, but are becoming increasingly influenced by life cycle cost and environmental considerations. In fact, the capability to influence the outcomes of whole life ownership is enormous during the design phase. The types of material specified, the quality of the design and the contracting method have to be chosen directly upon operation and maintenance costs. By the way, the used procurement methods may have implications and great influence on life cycle costs. Operating, maintenance and rehabilitation costs of new and existing buildings amount to more than 80 % of total life cycle costs [7] . It is well documented that the majority of decisions about operating, maintenance and rehabilitation costs are predetermined at the design stage. The opportunities to modify or influence decisions about operating, maintenance and rehabilitation costs decrease as projects progress through their natural process of development. Basically, it is crucial to establish a device at the design stage that brings together the life cycle costing, service life, environmental life cycle assessment, and risk associated with decisions taken at this stage.
Case study: Office
The office is currently based in a 40 year old office building, which is leased. The purchase of a new office building was considering for long time. The feasibility study, as a support for decision, was carried through [10] . A crucial part of the feasibility study was life cycle costing of alternatives, which were:
• Building of new facility -modern efficient certified building, spatially flexible, intelligent building system for heating, ventilation and air conditioning (HVAC), 17000 m 2 BGF, and 62000 m 3 enclosed area. Construction cost is taken from the author's database that includes prices of reference buildings. Rates of replacements and maintenance are given by studies on the reference buildings [11] . Salvage value of building is an estimate of the expected market value at the end of the study period.
• Purchase of current office -16955 m 2 BGF, 70000 m 3 enclosed area. Purchase cost is equal to the bid price; operating cost is taken from the accounts. Maintenance and renewal cost is estimated on the basis of technical condition of the building. Salvage value of the building is an estimate of the expected market value [12] at the end of the study period.
The result of the feasibility study was a recommendation to build a new building. Total life cycle cost of this alternative is lower (see Table 1 ). The payback period based on the cost savings on the rental cost (620.000 EUR·year -1 ) and operating cost (180.000 EUR·year -1 ) was calculated. 26 years is an acceptable payback period for public sector. At present (i.e. March 2018), the design stage is already in progress. 
Case study: Depository building for museum
The project aims to build a new depository, which will allow relocation of all exhibits from the existing non-compliant repositories to new spaces with appropriate conditions. More than 150,000 exhibits of national and international importance will be saved, with reserves for the next 50 years, on an area of 4600 m2.
The proposed feasibility study demonstrated the economic sustainability of the construction project. An important part of the feasibility study was life cycle costing. The minimum, maximum and average levels of life cycle cost have been calculated (final recapitulation of the LCC is shown in Table 2 ). Construction cost is taken from the author's database that includes prices of reference depository buildings. Operational costs are estimated on the base of reference depository buildings. Rates of replacements and maintenance are given by studies on the reference buildings [10] . The result of the study was a recommendation to initiate the preparation of a construction project and integrate the proposed investment plan in the budget of the Ministry of Culture of the Czech Republic. At present (i.e. March 2018), the conceptual development stage is already in progress.
Discussion
The life cycle costs calculation within deciding on the construction project is required by the public sector in the Czech Republic. In addition, the amount of the estimated life cycle costs has become a criterion in public tenders. Nevertheless, nobody knows how exactly to calculate life cycle costs. By the way, the question is who is to calculate life cycle costs. Is an architect or a consultant supposed to provide the life cycle calculation of the designed structure? All in all, the need for life cycle calculation hints at the lack of methodology. There are no directives. In fact, only case studies are available.
Results
Public investors are required to purchase sustainable buildings. However, they are confronted with limited financial resources and very strict institutional framework including procurement procedures. Once public investors have good directives, they might use them in proper way.
Conclusions
Life cycle costing should be performed as part of feasibility studies to find the most cost efficient solution, as part of all design stages. The optimization potential in the early design phases is significant and also cheap.
